INTRODUCTION
Interference among emergent freshwater plants has been well documented with experimental manipulations in natural environments (Grace and Wetzel 1981, Grace 1987 , Gopal and Goel 1993 . Light and nitrogen have been identified as primary limiting resources, but substrate oxygen may also limit plant growth in wetlands (Drew 1983 ). To alleviate oxygen limitation in their roots, many wetland emergent plants passively transport oxygen from leaves to roots through aerenchymous tissue (Armstrong 1964 (Armstrong , 1979 . In some cases oxygen may leak out of submerged roots and oxidize toxic substances and nutrients in the rhizosphere and oxygenate marsh sediments (Green and We studied facilitation and rhizosphere oxidation in a "pothole" pond in the Swan Valley of western Montana. These glacially derived ponds support a diverse array of emergent macrophytes, including the highly aerenchymous Typha latifolia L. (cattail). Typha latifolia occurs in dense, virtually monospecific stands in deep water, and in diverse stands in shallow water at the pond margins, which include species that are much less aerenchymous. Although facilitation has been studied experimentally in many natural systems and 
METHODS
In September, 1993, mature Typha individuals were transplanted from the pond into 2.25-L undrained plastic pots. Soil in the pots consisted of 80% natural pond soil and 20% peat. The soil mixture was also placed in 2.25-L undrained pots without cattails. Distilled water was added as required to maintain a depth of 1-2 cm above the soil surface. Algae were controlled with copper sulfate added in equal amounts to all pots in both treatments. Experiments were conducted at two different soil temperatures. The pots were kept in wading pools through which tap water continually flowed in order to maintain cool soil temperatures (range during experiment was 11?-12?C). Water from the wading pools was not allowed to flow into the pots. 
RESULTS
Over a 9-d period during which soil temperature was between 110 and 12?C, soil water in pots containing Typha consistently had higher dissolved-oxygen (DO) content than in pots without Typha (Fig. 1) (Fig. 2) .
All Salix cuttings planted with Typha survived for the 17-d duration of the experiment (Fig. 3) . However, when planted without Typha, 50% were dead within 7 d and all died by the 11th day of the experiment. Experiments with Salix were conducted only at 11?-12?C.
At cool soil temperatures (11?-12?C), no Myosotis died during the 40-d experiment whether or not they were planted with Typha. However, final root and shoot masses of Myosotis that shared pots with Typha were two and three times larger, respectively, than those grown without Typha (Fig. 4A) . Likewise, mean root length of Myosotis grown with Typha was significantly greater. Although comparisons were confounded by different experimental periods, DO in soil water was substantially lower in pots with Typha during the coplanting experiments (mean DO ranged from 1.72 ? 0.88 to 2.24 ? 0.58 mg/L on three different days) than when Typha was grown alone (Fig. 1) , suggesting that Salix and Myosotis roots may have decreased dissolved oxygen in the pots.
In the experiment conducted at high soil temperatures (18?-20?C), Myosotis planted with Typha were generally smaller than when grown alone (Fig. 4B) than when alone, but shoot length (t= 1.748, P=0.094) and shoot mass (t=0.890, P=0.383) did not differ significantly between treatments. During the field experiment at the Swan Valley pond, the mean temperatures of the soil water ranged from 11.40 to 13.2?C. Soil solution DO and available soil nitrogen did not differ significantly between treatment and control in the field experiment (Fig. 4, Table 1) ; however, mean shoot mass and root mass of Myosotis rosettes were significantly greater when growing next to transplanted Typha than when growing alone (Table   4   o Respiration rates vary greatly with temperature, therefore differences in the temperatures at which oxygen efflux was measured may explain the differences we found for the effect of Typha on substrate dissolved oxygen (DO) at high and low temperature, and may account for some of the discrepancies among previous studies (see Gries et al. 1990 ). In our experiment, there were no significant differences between DO in Typha and no-Typha controls when pots were maintained at 18?-20?C. However, when pots were maintained at 11 -12?C, differences in DO in soil water were substantial. It is possible that increased root respiration by roots or soil microbes at higher temperatures mitigated net oxygenation, but respiration was not measured in this study. Howes and Teal (1994) found that net oxygen loss from Spartina alterniflora roots did not occur at ambient chamber temperatures of 25?C and 9?C, but did occur at 6?C.
There are a number of other possible reasons for contradictory results reported in the literature on rhizosphere oxygenation by aerenchymous plants. Differences may arise from the use of different techniques to measure rhizosphere oxygenation. In some studies redox potential was used to infer oxygenation. However, redox potential is influenced by many factors, and provides only a qualitative measure of dissolved oxygen in sediment pore water. Other inconsistencies may occur because some estimates of oxygen efflux were made using excised plant parts and others were based on whole-plant gas balance (see Bedford et al. 1991) . Another potential (and seldom reported) cause of conflicting results in sediment oxidation studies may be due to differences in biomass allocation of the plants being tested. The rate of oxygen transport to roots and the rhizosphere is partially dependent on shoot: root ratios as large leaf areas may provide a greater surface area for photosynthetic generation or stomatal conductance of oxygen than small leaf areas. For all treatments combined in our greenhouse study, shoot: root mass ratios of Typha were 0.88?0.23 in the cool-temperature experiment and 0.91+?0.24 in the warm-temperature experiment, and not significantly different. We did, however, find that shoot:root mass ratio of Typha was positively correlated with soil DO content (r = 0.77) in the cool-temperature experiment with Typha alone.
Intense competition has been measured between emergent wetland species that are highly aerenchymous (Grace 1987 , Gopal and Goel 1993 . However, in these cases effects were tested between highly aerenchymous species, and thus these species would be less likely to compete for soil oxygen. In other studies, highly aerenchymous plants with superior abilities to transport oxygen appeared to facilitate less-aerenchymous species. Castellanos et al. (1994) (Hay 1986 ). In the greenhouse, interactions between Typha and Myosotis shifted between facilitation and competition depending on the temperature of the substrate. At cool temperatures, DO in pots increased with Typha and Myosotis were larger when grown with?-Typha. At warm sediment temperatures, oxygen was not higher in pots with Typha than in controls, and Myosotis root mass was smaller when plants were grown with Typha. This suggests that the interactions between aerenchymous plants and their neighbors may fluctuate in nature with changes in the physical environment. However, these interpretations of the differences between the high-and low-temperature experiments should be viewed with caution because they were not conducted concurrently. Factors that may have differed between the two experiments include depletion of nutrients in the substrate, differences in Typha or Myosotis lifestages, and different oxygen solubility.
In our field experiment, the net seasonal effect of Typha on Myosotis was positive; Myosotis attained greater shoot, root, and fruit mass. Even though soil temperatures in the field were comparable to those in the low-temperature, greenhouse experiment, we found no net increase of DO in the Typha treatments. This may have been a result of many factors: oxygen may have been taken up by the nonaerenchymous plants near the Typha, more oxygen may have been consumed via respiration by plant roots or soil microorganisms, or sediments in the field may have been more reducing than those used in the greenhouse. On the other hand, these results may indicate that substantial sediment oxygenation did not occur in the field and positive effects were due to other factors such as shade.
Considered together, our experiments indicated that oxygen release from roots can be an important factor in interactions among freshwater marsh plants. The apparently transient nature of this mechanism and the potential for environmental variation to shift effects from facilitation to competition add to the expanding body of literature that suggests that our understanding of species interactions cannot be based strictly on competition for limiting resources, and that complex combinations of mechanisms must be explored to fully understand species interactions in nature.
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